Plum is a highly perishable fruit and postharvest fruit softening limits its cold storage life. To investigate the role of 1-methylcyclopropene (1-MCP) in ethylene biosynthesis and fruit softening during cold storage, Japanese plum (Prunus salicina Lindl. cv. Tegan Blue) as harvested at commercial fruit maturity and exposed to 1- 3
(EGase, EC 3.1.1.4) have been reported in 1-MCP-treated plum fruit [4] , but no information is available on the effects of 1-MCP on fruit softening or the activities of fruit softening enzymes during cold storage.
The aims of the present study were to: 1) investigate the role of exogenous application of 1-MCP in regulation of ethylene biosynthesis and activities ethylene biosynthesis enzymes (ACS, ACO), and ACC content, and 2) fruit firmness and activities of fruit softening enzymes (exo-PG, endo-PG, PE and EGase) in skin and pulp tissues of 'Tegan Blue' plum during cold storage.
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Materials and methods 
Plant materials

1-MCP application and experimental design
09´E), in the South West region of Western
Australia, were selected for the experiment. The 17-year old trees were planted in a north-south row direction, with 4.5 m between rows and 2 m within the rows and trained on a palmette system. Plum fruit at commercial harvest maturity (TSS 16.3 ± 0.9% and firmness 60.3 ± 2.6N) of uniform size, free from visual symptoms of any disease or blemishes were harvested. The bulked fruit were transported to the laboratory immediately after harvest. The fruit were randomly selected for different treatments.
The fruit were kept in hermetically sealed plastic drums (68 L), and 1-MCP was injected into the drums through a rubber septum to obtain concentrations of 0.0, 0.5, Two fruit representing a replicate were sealed in an airtight jar (1,000 ml) fitted with a rubber septum for 1 hour at room temperature (20 ± 1 o C). One ml of headspace gas sample was injected into a GC-FID (Agilent Technologies, 6890 N Network GC system, Palo Alto, CA, USA) and ethylene production (µmol kg -1 h -1
Ethylene biosynthesis enzymes and ACC content in fruit skin and pulp tissues
) was determined as reported by Khan and Singh [4] .
Activities of ethylene biosynthesis enzymes (ACS and ACO) and ACC content were determined from fruit skin and pulp tissues using the method reported by Khan and Singh [4] .
Postharvest application of 1-MCP significantly reduced ethylene production after cold storage for 3 and 6 weeks ( Fig. 1) . Reduction in ethylene production with various concentrations of 1-MCP showed a linear response and the reduction was more pronounced with higher 1-MCP concentrations (1.0 and 2.0 μL L -1
).
Activities of ACS were significantly reduced in 1-MCP-treated fruit skin tissues, as compared to untreated fruit ( Fig. 2A) . 1-MCP (1.0 and 2.0 μL L -1 ) treatments completely inhibited the activities of ACS enzyme in fruit skin tissues, whereas untreated fruit exhibited 24% and 49% higher ACS activities in skin tissues after 3 and 6 weeks of storage, as compared with those with zero weeks storage. Similarly, after 3 and 6 weeks of storage ACS activities in pulp tissues of untreated fruit were 33.3% and 39.7% higher than 2.0 μL L -1 1-MCP-treated fruit (Fig. 2B ). Mean ACS activities of skin tissues were 6-fold higher than in pulp tissues.
1-MCP reduced the activities of ACO in fruit skin and pulp tissues, when compared with untreated fruit ( Changes in ACC content in 1-MCP-treated fruit skin tissues were completely inhibited during the storage period irrespective of concentrations of 1-MCP applied ) treated fruit were reduced by 28.6% when compared with the controls (Fig. 3B) . ACO activity showed a linear response to various concentrations of 1-MCP applied. Mean activities of ACO were 10-fold higher in skin tissues than in pulp tissues.
( Fig. 4A ) whereas skin of untreated fruit showed 78.7% and 85.2% increase in ACC content after 3 and 6 weeks of storage, respectively. Postharvest 1-MCP application also reduced the ACC content in pulp tissues ( 
Fruit softening enzymes in fruit skin and pulp
The activities of exo-PG enzyme in fruit skin tissues were not influenced by 1-MCP treatments or cold storage period ( Activities of PE in control fruit skin and pulp tissues increased with extended storage time, whilst in 1-MCP treated fruit skin and pulp tissues, PE activities were lower during storage with increase in concentration of 1-MCP applied (Fig. 8) . 1-MCP-treated fruit skin tissues exhibited 38.5% reduction in activities of PE after 3 and 6 weeks of storage compared with untreated fruit (Fig. 8A) . After 3 weeks of storage, untreated fruit pulp tissues exhibited 25.7% and 42.9% higher PE activity than fruit treated with 1.0 and 2.0 μL L -1 1-MCP (Fig. 8B ). Pulp tissues showed 1.5-fold higher mean PE activity than the skin tissues.
1-MCP treatment significantly reduced the activities of EGase enzymes in skin
and pulp tissues during cold storage ( There were no significant correlations between ethylene production and endo-PG and
EGase activities in fruit skin and pulp tissues.
Discussion
The reduction in ethylene production during cold temperature storage with 1-MCP application may be ascribed to the ability of 1-MCP to interact with ethylene receptors and its competition with ethylene for binding sites [24] or to the ability of 1-MCP to interfere with autocatalytic ethylene production [22] , fruit [31, 32] . Delayed fruit softening is also considered to be associated with the delayed increase in the soluble pectin concentrations [33] . Activities of PE enzymes in untreated fruit increased with increase in the storage period, whereas 1-MCP application significantly reduced the activities of PE enzymes both in skin and pulp tissues (Fig. 8) . It has been widely recognised that during fruit softening, PE removes the C-6 position of galacturonic acid polymers which then enables PG to depolymerise the de-esterified polygalacturonide chain [34] . The increase in the endo-PG activity followed the rise in PE activity in both treated and untreated fruit skin and pulp tissues, which suggests that PE may be the prerequisite for PG activities during fruit softening [35] . It may also be argued that reduction in the activities of these fruit softening enzymes may be due to reduction in endogenous ethylene production by 1-MCP treatment as the activities of exo-PG and PE enzymes were significantly correlated with endogenous ethylene production. Similar changes in PE have been reported in 1-MCP-treated persimmon [32] and reduced PG and PE activities have also been observed in treated avocado fruit [19] . Dramatic increase in EGase activity, protein and mRNA levels have been observed during ripening of pear fruit [18] . Our experimental data suggest that 1-MCP significantly reduced the activities of EGase enzymes in skin and pulp tissues during cold storage. A similar reduction in activities of EGase were also found in 1-MCP-treated avocado [19] . ) application to 'Tegan Blue' plum suppressed ethylene production , activities of ethylene biosynthesis enzymes, fruit softening, and activities of fruit softening enzymes in fruit skin and pulp tissues during cold storage.
1-MCP-treated fruit also showed differential activity of fruit softening and ethylene biosynthetic enzymes in the skin and pulp tissues, which indicates that further investigations are needed on expression of genes encoding these enzymes.
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